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Geotechnicat Consultants
7220 Langtry Houston. Texas 77040 713-460-3766

Koppers Company, Inc.

1940 Koppers Building

436 Seventh Avenue

Pittsburgh, Pennsylvania 15219

ATTENTION: Dr. James R. Campbell
Previously Owned Properties

SUBJECT: Geophysical Feasibility Survey
Koppers South Cavalcade Site
Houston, Texas
MRA File No. 85-317

Presented here is the final report of our geophysical feasi~
bility survey at the Koppers South Cavalcade Site in
Houston, Texas. This report is submitted in response to
Subtask 2C of the EPA South Cavalcade Street Work Plan and
was conducted in general accordance with Section 9.0 of the
Koppers Field Samp.ing and Analytical Plan. A preliminary
geophysical feasibility survey report was submitted on
November 4, 1985 and included an evaluation of surface
resistivity and electromagnetic metheds,

002105

This geophysical survey includes an evaluation of the
feasibility of surface resistivity, electromagnetic, and
ground-penetrating radar geophysical methods for a detailed
site survey. The electromagnetic profiling method proved
to be more sensitive of the geophysical methods evaluated.

We appreciate this opportunity to be of service. Please
contact us if you have any questions.

Sincerely,

McBRIDE*iiZ:;i;i‘57D ASSOCIATES, INC.

Paul C. Moore

gjfoi;gt Gﬁiij?}st
J. L. Ireland, C.H.G.
- Vice President

William R. Tobin, P.E.
Project Manager
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SUMMARY

A geophysical feasibility survey was performed in the
vicinity of Area 1 at the Koppers South Cavalcade site in
Houston, Texas. The objective of the feasibility survey
was to evaluate if geophysical methods were applicable for

a detailed site survey. Two additional paved test sites
were also evaluated.

The principal findings ard conclusions of the geophysical
feasibility survey are summarized as follows:

1.

The surface resistivity sounding method was generally
less sensitive to subsurface anomalies at a grid
spacing of 50 ft.

The electromagnetic (EM} profiling method was
responsive subsurface anomalies. The EM profiling
method appears to be feasible in unpaved areas and
areas paved with asphalt.

The ground-penhetrating radar (GPR) profiling method
did not achieve a significant penetration depth at
the test sites due to the highly conductive nature of
the upper clay soils. The GPR profiling method was
generally responsive to surficial anomalies in
unpaved areas, The GPR method did not disclose a

potential subsurface anomaly at an asphalt paved
area.

002108
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INTRODUCTION

The geophysical feasibility survey was conducted at the
Koppers South Cavalcade Site in Houston, Texas. The test
sites evaluated included areas covered with grass, asphalt
paving, and steel reinforced concrete.

The objective of the geophysical feaslbillity survey was to
evaluate which geophysical methed or combination of geophy-

sical methods are potentially applicable for a detailed
site survey.

FEASIBILITY SURVEY

The surface resistivity and electromagnetic geophysical
feasiblility survey was performed on October 17 and 21, 1985
by McBride-Ratcliff and Assoclates, Inc. The ground-pene-
trating radar (GPR) gecphysical feasibility survey was
performed on HNovember 20, 1985 by Detection Sciences, Inc.
The South Cavalcade Site location is shown on Figure 1.

Three test sites were used in this investigation as shown
on Figure 2. Test Site 1 was located in the vicinity of
Area 1 as described in Section 9.1 of the Koppers Field
Sampling and Analytical Plan. The test site measured 150
ft by 150 ft and was located to include Soil Boring CAV-SL-
03 and Monitoring Well CAV-OW-06 from the previous contami-
nant survey by Camp, Dresser, and McKee.

Test Site 2 was located in the paved asphalt parking lot of
Transcon Truck Lines, north of Test Site 1. This test site
measured 90/ ft by 40 ft., This location was chosen to evalu-

ate the feasibility of using geophysical techniques in
areas paved with asphalt.

McBride-Ratelif and Associates, ing, ——
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Lines on Cavalcade Street to evaluate if geophysiocal
methods could be used in an area of concrete paving. This
test site measured 80 ft by 80 £t. All geophysical field
work was conducted under the surveillance of representa-
tives from Camp, Dresser, and McKee,

l Test Site 3 was located at the entrance to Transcon Truck

Test Procedures

Resistivity Soundings. The earth resistivity sounding
method was performed first at the test site. This
geophysical method requires physical soil contact: thus,
the resistivity soundings were limited to Test Site 1. The
resistivity soundings were conducted in accordance with the
guidelines set forth by the Texas Department of Health,
Division of Solid Waste Management: Technical Guide No, 1,
dated March 24, 1980, These gulidelines are generally
accepted by the profession as state-of~the-practice for
engineering geophysics. All readings for this test were
obtained using a Bison Instruments Mode)l 2350B Earth

The location of the resistivity sounding stations are shown
on Flgure 3. The resistivity sounding stations were locat-
ed at a 50«ft grid spacing in accordance with Section 9.1
of the Koppers Field Sampling and Analytical Plan. The Lee
Modification of the Wenner Electrode Configurationh was used
for the resistivity sounding survey. The Lee Modification
was chosen since it introduces a fifth electrode ir%o the
center of the array to distinguish between horizontal and
vertical variations of the subsurface. This electrode con-
figuration is illustrated on Figure 4. |

The resistivity soundings were performed by incrementslly
increasing the electrode spacihg ("A" spacing) by 3-ft

McBride-Ratclif and Assaciates, Inc. o

' Resistivity leter.
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intervals, with the tifth electrode remaining stationary in
the center of the array. The electroda spacing is propor-
tional to the depth of subsurface Penhetration., fFor each
increase in the wpm spacing, three resistivity measurements
were taken: the nogmal Wenner, the left I.ee and the right
Le€. The left and right Lee curves vere used to evaluate
horizontal variations in the subsurface, The incremental
increase provided an estimation of average apparent layer
resistivity values for depths ranging from 3 ft to 21 f¢t,
The "an spacing range for the soundings was based on the
approximate depth of the upper sang layer identifieg in
previous site investigations. All electrode lines were
oriented in & -north-south direction, Resistivity sounding
data are included for reference in Appendix B.

Electromagnetic LProfiling. The electromagnetic profiling
method was performed at all three test site locations, The

lines set forth in Section 4.0 of the Geonics Limjiteq: EM

The intercoil Spacing of the EM3l-p unit is fived at approxe-
imately 12 f¢t, This spacing yields a benatration depth of
approximately 19.7 ft. Readings were obtained at station
intervals of 30 ft with a 20 £+ spacing between station
traverses in accordance with Section 9.1 of the Keppers
Field sampling ang Analytical Plan. The location of the
profiling stations are shown on Figures 3, 5 and 6. Tyo
sets of readings were obtained at each station, one with
the coils orienteg north-south, the othar with ¢hg colls
oriented east-west, Thie procedure yields an average value
to compensate for lateral variations in apparent conductivi-
ty at each station. Electromagnetic profiling data are
included for reference in Appendix ¢,

MecBnde-Ratchif ang Associates, Inc. —-J
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Ground-Penetyating Raday. The ground«penetrating radar
(GPR) profiling method was performed at all three test site
locations by Detection Sciences, Inc. All readings for
this method were obtained using a custom~modified 120 MKz
radar antenna in conjunction with a G8SI SIR System =~ 8
radar system which was also custom-modified by Detection
Sciences, 1Inc., %o increase depth penetration. Further

details of the GPR feasibility survey are presentad in
Appendix A.

DATA EVALUATION

Resistivity Soundings

The resistivity sounding data are presented in Appendix B.

The data were interpreted by using the following empirical
methods:

Resistivity Contouring.

Depth - Profile Resistivity curve.

The Barnes Layer Method.

The Moores Cumulative Cuvve.

Resistivity Contouring. The resistivity contouring method

was used to evaluate areas of abnormally high to abnormally
low resistivity, which could possibly correlate to supsur-
face anomalies. A single reading for a constant electrode
spacing was taken from each station. The apparent resisti-

vity readings for tnat electrode spacing were then plotted-.

to their corresponding stations located on a map. Contours
of equal apparent resistivity were drawn in relation to the
stations, The contour map resulting from this procedure is

then used to ldentify areas of anomaleus high or low
resistivity.

MeBricle-Ratchif ang Associates, ing, ==’
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Depth~Profile Method. The depth-profile method was used to
evaluate the contacts of the upper sand layer. Lateral

| variations in this layer and in overlying layers may be

! detected by using the Lee electrode configuration. The
apparent resistivity values for a single station were
plotted against the corresponding electrode spacings. The
resulting curves were then interpreted to evaluate the
approximate depth to the upper sand layer. Figure 7 is an
example of a depth-profile curve.

!

to evaluate stratigraphic contacts. The Barnes Layer
Method assumes that the soil behaves as a set of horizontal
layers in which the thickness of each layer is equal to an
increment in electrcde spacing. This method enables a
specific apparent resistivity to be assigned to the

' material at depth. This method is useful in estimating
L soil type.

002113

I Barnes layer Method. The Barnes Layer Method was also used

' The conversion of electrical resistivity at depth directly
to soil type by the Barnes Layer Method assumes that the
. meter reading reflects the average resistance of a layer
equal in thickness to the electrode separation. A direct
l resistivity value may be assigned to each soil layer by
' using the Barnes Formula modified for the Bison Instruments
I Model 2350B Earth Resistivity Meter.

- . The following tabulation shows typical ranges of general
' I resistivity values for various soil types:

) ll Type of Soil Resistivity (6hm£gm1

l' Clays' (CH) 200 - 2,000
| Silty and Sandy Clays (CL) 1,000 - 3,000
ll Clayey and silty sgands
(sc, sM) 3,000 - 95,000
Gravels (GP, cwW -
Il (N e (6P, ) 30, 09¢ McB]r'igeq#a?cgﬂo and Associates, !nc.--)
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Figure 8.

Moores Cumulative Method. fThe Moores cumulative curve ig

used to evaluate the depth of changes in subsoil materials.
The Moores Method multiplies the electrode spacing (depth)
by the meter value (ohm). fThe cumulative values are plot-
ted against the increasing depth, The resulting graph wiil
reveal changes in the Slopes of the lines connecting the
points which corresponds to soil strata depths. an example
of this curve is also shown on Figure g.

Electromagnetic Profiling

conductivity, which could possibly Correlate with subsur-
face anomalies. Two readings were taken at each station at
2 constant intercoil spacing. The apparent conductivity
readings were then plotted against their corresponding
stations. fThe resulting graph, as shown on Figure 2, was
used for interpretation.

anomalies,

Groundepene%ratinq Radar Profiling

Details on gpR data interpretation are presented in
Appendix A.

—McBride-Ratcliff and Associates, Inc. —-J
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Test Site ) Evaluation

Conductivity, surface resistivity, and ground-penetrating
radar techniques were tested to evaluate relative responses
between background conditions and previously documented
subsurface anomalies at Area 1.

The conductivity profiling survey disclosed values ranging
from a negative off-scale to 36¢ mmho/m. The average
background range of soil conductivity values appears to
vary from about 40 to 60 mmho/m.

Figures 10 through 12 present apparent conductivity contour
maps based on readings taken in a north-south and east-west
orientation, and an average of these two readings. The
centoured areas of apparent conductivity values greater
than about 60 mwmho/m and less than about 40 mmho/m indicate
possible subsurface anomalies.

Data from the resistivity soundings was used to develop
resistivity contour maps. Figures 13 through 15 are the
resistivity contour maps based on the apparent resistivity
and were prepared using the resistivity contouring method.

The resistivity sounding data were generally less sensitive
to subsurface anomalies located at Test Site 1. Figure 13
to 15 typically do not exhibit similar contouring patterns
as the electromagnetic profiling data (Figures 10 to 12).

The Test Site 1 evaluation test results using the ground- -

penetrating radar geophysical method is presented in
Appendix A.'

McBrice-Ratchff and Associates, inc. ——)
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Test Site 2 Evaluation

Electromagnetics and ground-penetrating radar were tested
in the asphalt paved area at Test Site 2 to evaluate poten-
tial damping and interferences caused by asphalt paving.
Figures 16 through 18 present apparent conductivity contour
maps of the paved asphalt test area. The measured con-
ductivity values ranged from 51 mmho/m to 175 mmho/m.

Our interpretation of these apparent conductivity values
are the same as for the Test Site 1 interpretation. Con-
ductivity values greater than about 60 mmho/m and less than
about 40 mmho/m may indicate areas of subsurface anomalies.
These areas were disclosed in the northwestern corner of
the paved asphalt test area.

Ground-penetrating radar evaluations for Test Site 2 are
presented in Appendix A.

Test Site 3 Evaluation

Conductivity and ground-penetrating radar techniques were
also tested in the concrete paved area at Test Site 3 to
evaluate potential damping and interferences caused by
reinforced concrete paving. Negative off-scale values were
generated for the most part in the cencrete paved area.
Only when the coils were aligned parallel with expansion
joints or large cracks in the concrete could readings be
obtained. The high conductivity values generated at the
expansion joints and cracks, as compared to the values of
the test plots, were not representative of the subsurface

underlying the concrete paving, and that these values
should be disregarded. '

Test Site 3 ground-penetrating radar evaluations are
presented in Appendix A.

e McBride-Ratchff and Associates, lnc.-———)
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CONCLUSIONS

Evaluation of apparent resistivity sounding data indicates
a generally lower sensitivity to subsurface anomalies
because of the 50-ft grid spacing. This procedure is,
however, more responsive to vertical variations in lith-
ology. Resistivity profiling methods may be more appro-

priate to evaluate the locations and lateral extent of
subsurface anomalies.

The electromagnetic profiling data resulted in a wide range
of conductivity values for all of the test sites. Those
areas that exhibited conductivity values greater than 60
mmho/m or less than 40 mmho/m were interpreted as potential

subsurface anomalies. The conductivity method appears to
respond to subsurface anomalies in areas paved with as-
phalt. Areas paved with steel reinforced concrete dis-

closed sufficient damping resulting in generally low sen-
sitivities.

The ground-penetrating radar profiling method detected
electromagnetic responses in the subsurface limited to a
depth of approximately 7 feet. The ground-penetrating
radar method appears to have a limited penetration depth at
the site due to the high electrical conductivity of the
uppeyr clayey stratum which is highly attenuative of the
radar pulse. The ground-penetrating radar appears to have
a generally low sensitivity to electromagnetic responses in
the shallow subsurface in areas paved with asphalt. The
areas paved with steel reinforced concrete exhibited

sufficient damping resulting in generally low sensi-
tivities.

s

R R mivrins 2 et icrimespfant ettt s

McBride-Ratcliff and Associates, Ing. —=—"
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DETECTION SCIENCES, INC,

APPENDIX A

INTRDDUCTION AND SUMMARY

On November 20, 1985, Detection Sciences, Inc. petformed a
ground-penetrating radar (GPR} feasibility survey at the Koppers
Company- South Cavalcade Site, Houston Texas. The purpose of the
survey was to evaluate the use of radar for locating subsurface
contamination, The survey was performed in accordance with the
requirements of McBride-Ratcliff and Associates, Inc.

Three separate 1locations were surveyed. Site 1, which 1is a
grass-covered site, 1is located approximately 600 feet south of
Cavalcade Street., Site 2, which 1is covered with asphalt, is
located approximately 300 feet south of Cavalacade Street.
Site 3 1is located on cavalcade Street, covering the traffic
lanes and the turn-around in the center island. Figure A-3
shows the location of each of the three sites.

The survey utilized a custom-modified 120 MHz radar antenna.
This antenna wWas used in conjunction with a GSSI SIR System-8
radar system which has alsoe been custom-modified by Detection
Sciences, The modified system currently provides about five (5}
times greater penetration than the original sysytem, These
modifications have also produced corresponding improvements in
the spatial resolution and the clarity of the radar records.

The radar signatures observed over most of Site 1 indicate the
presence of some type of material embedded in the soils, The
material occurs in discrete "bundles" or packets, The resulting
cadar chatts have a highly detailed, "busy" appearance as
opposed to the more uniform appearance of the natural soil
stratigraphy, or background conditions, observed along the fence
at the west side of the property. The embedded material could
be a result of evacuation and back-filling with some solid
material. Another possibility is the vertical migration of
liquids having relatively high viscosity, which could also
procduce the observed radar signatures. To establish the cause
of the observed radar anomalies on Site 1, it Wwill be necessary
to use intrusive methods, such as excavation or core samples.

002141

Radar line number 18, whichk runs northward from Site 1, shows
undisturbed background conditions on the northern part of
Site 1. 9On Site 2, the radar signature shows wet, saturated
conditions under the asphalt, but no evidence of the inclusion
of foreign material in the ground. It is 1likely that the
asphalt is inhibiting surface evaporation of some type of
liquid (possibly water), resulting in the wet conditions, At
Site 3 the results are inconclusive, because the steel
reinforcing bars in the concrete pavement effectively mask any
radar signals underneath the road.
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DETECTION SCIENCES, INC. A-2,

DESCRIPTION OF THE SURVEY

The survey utilized a custom-modified radar antenna operating
at & frequency of 120 MBz. Fiqure A-1 shows a 600 MHz radar
antenna, which is a smaller version of the 120 MHz antenna. The
antenna was mounted oh a wooden sled and was towed behind a
van, The survey van carried all of the electronic controls,
reccrding equipment and power supplies, as shown in Figure A-~2.

A "fifth-wheel" odometer 1is mounted on the rear of the surwvey
van to log distance traveled along each survev line. The
odometer wheel makes exactly 19 revolutions per 100 feet, or
5.263 feet per revolution, Each revolution of the wheel produces
a "eick mark" at the top of the radar record to show the
distance traveled. The location of fixed points of reference,
such as lamp posts, curbs, or other physical features of the
property, were electronically marked on the radar record using
a hand-held event-marker switch. The marker switch generates a
vertical dashed-line on the radar record, By using this marking
system with the odometer wheel and physical features, it is
possible to maintain position accuracy within 1 foot.

All radar data is permanently recorded on a Model 3964A Hewlett
Packard 4-channel Instrumentation Tape Recorder. Hard-copy
records of the radar charts are produced by Model 22005 EPC
Scanning Chart Recorder, The basic approach 1is to use field
time to accomplish the electronic data-gathering, reserving the
interpretation and analysis for the laboratory. Field time 1is
reduced to about 20 percent of the total time required to
process the data. (Using so-called "real-time" methods requires
all of this work to be accomplished under field conditions;
keeping a crew in the field and having the eqguipment idle is
much more costly and less productive than having one person
analyze the data in the laboratory.)

Having the radar data recorded on magnetic tape makes it
possible to produce multiple hard-copies of the radar records.
The tape-recorded data also makes it ©possible to perform
post-survey signal processing and data enhancement using a
variety of analog and digital methods. In most cases, the raw
data collected in the field can be expanded to achieve about 50
percent greater penetration in the grecund. It is also possible
to enhance certain features, such as deep-lving strata or
subsurface cavities, In effect, the tape-recorded data preserves
all of the radar signals originally observed by the antenna,
making it possible to perform after-the-fact optimizations of
control settings and other survey variables.

For this survey, the depth setting of the radar system was 24
feet. The resulting display has a vertical scale factor of 2
feet per inch on a l2-inch graphic chart.
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Figure A-1
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600 MHz RADAR ANTENNA
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DETECTION SCIENCES, INC,

Figure A-2

CHART RECORDER AND RADAR CONTROLS

The radar equipment i$ carried in a van, where the operator is adjusting the
controls. To the right of the operator is the chart recorder which generates
vertical profiles of the ground. The power supply and the four-track tape
recorder are not shown. Normally, the van is used to tow the radar antenna
over the ground, but the antenna can also be pulled along by hand.
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METHODOLOGY

The bulk of the survey consisted of parallel survey lines
spaced 10 feet apart, Some "cross-cut" lines were also run. The
radar antenna covers a path about 5 feet wide at the surface of
the cround. A 10-foot spacing between adjacent lines provides
30 percent coverage of the area surveyed. (Survey lines
separated by 5 feet would provide 100 percent coverage.)

surface coverage, houwever, is not the only consideration. As
the radar beam penetrates into the ground, the beam spreads
about 20 degrees on each side (40 degrees total beam angle}., At
a depth of approximately 14 feet, the beam has spread to a
total width of 10 feet, which 1s the same ags the spacing
between the survey lines. As a result of this beam spread,
there is 100 percent area coverage at a depth of 14 feet. At
depths greater than 14 feet, there 1is more than 100 percent
coverage due to beam overlap.

The volume of earth that 1is not 1inspected with a 10-foot
spacing 1s an inverted V-shapped "furrow"™ which is 5 feet wide
at the surface, tapering to &z point at a depth of 14 feet.
Depending on the total depth of the survey, the volume of
material that is not inspected constitutes no more than a small
fraction of the total volume of earth inspected by the survey.
The 10-foot spacing between adjacent survey lines used for this
survey therefore covers a high percentage of the total volume
of eartn below the surface,
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RESULTS OF THE SURVEY

The survey consisted of three individual sites, designated as
Site 1, Site 2, and Site 3. Site 1 1is a grass-covered area
approximately 600 f2et south of Cavalcade Street, Site 2 is an
asphalt~covered area approximately 300 feet south of Cavalcade
Street, Site 3 is on the concrete pavement of Cavalcade Street,
located at the north entrance drive into the property. Fiqure A-3
shows the location of each of these three sites.

Site 1.

Figure A-4 is an expanded-scale plan view of Site 1, The radar
lines are numbered in the sequence in which they were run. The
darker shading shows the area over which subsurface radar
anomalies were observed. The native soils should have relatively
uniform soil horizons or stratigraphy. Instead, there appears
to be some type of material embedded in the soils. The material
occurs 1in discrete "bundles" or packets, and is not uniformly
distributed in the soils. This embedded material gives the
radar charts a highly detailed "busy" appearance in contrast to
the more uniform, benign appearance of background data obtained
at the western edge of the property.

The lighter-toned shading indicates the areas where the soil
inclusions are surficial, being contained in the upper three
feet of the earth. In the areas labeled "surficial anomalies"
(Figures A-~3 and A-4), there does not appear to be any
involvement of the underlying clay.

Site 2,

Figure A~5 1is an exXpanded-scale plan view showing the radar
survey lines on Site 2., This area 1is covered with asphalt,
Beneath the asphalt pavement, the tadar signatures are typical
for wet, saturated conditions., This type of signature indicates
the presence of some type of non-ionic (non-electrically
conducting) ligquid. The 1liquid could possibly be water. Is is
likely that the asphalt 1is inhibiting surface evaporation of
the liquid. It is also probable that the thermal effects of the
pavement are influencing the behavior of the underlying liguids.
Black asphalt is a good absorber of solar enerqgy. The pavement
acts as a heat blanket to absorb and store heat. This heat
source can influence the capillary action of the underlying
soils by decreasing the viscosity of liquids trapped under the
pavement. There can also be upward migration or "pumping" of
trapped 1liquids due to volitization and condensation cycles
caused by diurnal tempertaure changes,

There is no evidence of increased electrical conductivity under
the asphalt pavement. This means that the liquid or moisture
trapped under the asphalt cannot be an acid, base, salt, or any
other electrolyte (ionic 1liquid). It should be noted that the
detection threshold of the radar system for detecting ionic
(electrically conducting) 1liquid is a concentration of a few
parts-per-million (ppm). If the concentration 1is below this
level, the liquid will not be observed,
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Site 3.

Fiqure A-6 1is an expanded-scale plan view o0f Site 3 on the
concrete roadwav of Cavalcade Street., Prior to undertaking the
survey, we were concerned about the existence of reinforcing
steel in the concrete roadway. Steel (or any metal) is 100
percent reflective of radar energy. At 120 MHz, the steel
reinforcing acts as a reflecting screen, effectively masking
any reflections that would be observed below the steel.

Our concerns were well founded, as the concrete pavement was
found to have steel reinforcing bars (not steel mesh} embedded
in the concrete, The radar results on this site are inconclusive,
because the reflections from the steel effectively mask any
underlying reflections. In the past, we have experimented with
computer-processing of data to subtract the effect of the
steel, To succeed with this approach, the thickness of the
pavement, the depth of the steel rtebars below the surface of
the pavement and other factors must remain constant, The
computer program memorizes & running average over a large
number of radar scans, and subtracts the composite average from
the incoming radar scans, The net effect is to remove all data
that is constant, allowing only the scan-to-scan changes to be
observed., In military Jjargon, this type of radar signal-
processing is called "HTI" (moving target indicator), the
purpose ¢f whickh is to remove all of the stationay background,
1f the *"background" which is to be subtracted alsc changes,
this approach for the removal of background will not be
successful. Inspection of the radar charts for this site shows
there is sufficient wvariability in the teflections Erom the
renars +o prevent the successful use of background-removal
algorithms.
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DISCUSSION 9F THE RESULTS
Background Conditions,

Experience has shown that different sites can vary widely 1in
their radar characteristics. The type of soil, the soil-moisture
conditions at the time of the survey, and other variables
produce characteristic radar signatures that constitute the
"norm® for each site. When dealing with chemical contamination
in the ground, it 1is essential to establish the norm, o
background conditions, against which any abnormal condition can
be judged., It is only in comparison with the norm that an
anomaly, or departure from the norm, can be identified,.

Te determine what constituted background conditions, survey
line number 29 was run along the fence at the western boundary
of the property. Figure A-7, a segment ¢f this survey line,
shows uniform, undisturbed conditions., This is the type of
radar signature that is normally observed in the Houston area.
We therefore believe that this data 1is representative of
background conditions.

The vertical scale of Fiqure A-7 and all Figures that follow is
1 inch = 2 feet. The odometer "tick marks" at the top of the
chart are spaced 5.263 feet apart, This radar chart has not
been computer-processed or signal-enhanced; it 1is a direct
analog print-out of the radar data tape-recorded in the field.

Svbhsurface Radar Anomalies.

Figure A-8 shows a segment of survey line number 18 at Site 1.
The raday system is imaging some cy¥pe ©Of discrete inclusions,
or packets of material, in the ground. It is possible that the
inclusions could be some type of solid material., It is also
possible that the inclusions are due to the vertical migration
of semi-viscous liquids. The vertical migration of semi-viscous
liquids have a distinctly different radar signature compared to
low viscosity or high viscosity liquids. Low viscosity liquids
tend to disperse uniformly in the soil; high-viscosity or
semi-solid 1liquids typically agglomerate, and tend to remain
where they have been placed in the ground. It is only in the
case of semi-viscous liquids that vertical migration can produce
distinct vertical "columns" of anomalies such as the type of
anomaly observed at Site 1,

Surficial Radar Anomalies.

Figure A-9 shows the western segment of radar survey line 13 at
Site 1. The left portion of the c¢hart shows essentially
background conditions below 3 feet. Above this depth, the radar
anomalies appear the much the same as they do elsewhere on this
chart. The areas where the radar anomalies appear to be confined
to the upper 3 feet have been designated as surficial anomalies.
Compared to the bulk of Site 1, where the radar anomalies
extend up to 9 feet deep or more, this confinement within the
upper 3 feet could be significant.
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Asphalt Area,.

Figure A-10 shows a segment of radar survey line 21, which is
in the asphalt-covered area of Site 2. The signatures are
consistent over all of the asphalt-covered area. The dark,
heavy banding of the radat reflections are charactertistic
signatures tor wet, saturated conditions under a paved area
where the pavement inhibits surface evaporation,

Concrete Pavement,

Figure A-11 shows a segment of radar survey line 24, The steel
reinforcing produces the characteristic "fringe” observed in
the upper portion of the chart. The 120 MHz radar antenna used
for this survey is a "time-shared" antenna. At the beginning of
each radar scan, or impulse, the radar transmitter 1is coupled
to the antenna. After the initial impulse, which lasts a few
billionths of a second, the transmitter 1is electronically
decoupled from the antenna, and the radar receliver 1is then
coupled to the same antenna. This high-speed switching 1is
accomplished by a transmit-receive switch (T-R switch). During
the time period that the receiver 1is not coupled to the
antenna, it is esentially "blind", being unable to receive any
echoes from beneath the ground. This "blind zone" starts at the
surface of the ground, and is typically about 30 inches deep.
The rebars are only a few inches below the surface of the
pavement, and therefore fall within the blind zone. The effects
of the rebars, or "shadows" cast by the rebars, extend deeper
into the qround, where they can be observed during the portion
of the scan c¢ycle when the receiver is coupled to the antenna.

To obtain data from the upper 30 inches of depth, it would be
necessary to employ a higher fregquency antenna with a correspond-
ing sacrifice in total depth. By using smaller, higher frequency
antennas, a single antenna can be used as the dedicated trans-
mitter, with another antenna being used as the dedicated
receiver. With this arrangement, the physical size of each
individual antenna must be sufficiently small so as to make the
center-to-center distance between the two antennas about 12
inches or less. (The physical spacing between two 120 MHz
antennas would be about 3 feet, which is not an approptiate
geometry for near-surface investigation. Because the principal
interest on this survey was at depths of more than 30 inches,
the time-shared 120 MHz antenna is the optimum choice for the
survey.

The horizontal distance between each "fringe" indicates that
the reburs are on 24-inch centers. Although the radar signatures
below the pavement appear to be similar to background
conditions, the effects of the rebars cannot be ignored. The
rebar signatures tend to mask other signatures, and therefore
reliance should not be placed on the absence of a signature., In
this particular case, a negative result should be regarded as
inconclusive rather than regarded as being conclusive.
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19.

CONCLUSIONS

In the opinion of Detection Sciences, 1Inc., this survey
established the feasibility of using ground-penetrating radar
(GPR) on the grass-covered portions of this property. The radar
anomralies on Site 1 were clearly evident, and differed markedly

On  the asphalt-covered portions of the survey (Site 2), the
radar survey found wet, saturated conditions under the asphalt.
The trapped 1liquid may be water, which would not be of any
consequence., The wet, saturated conditions, however, could be
due to some non-ionic liquid(s) other than water, in which case
chemical analysis would be hecessary to identify the liquid.

On the concrete-paved portion of the surv:oy, reflections Ffrom
the steel teinforcing bars effectively mask any subsurface
reflections below the pavement. The radar data obtained on
Site 3 is therefore inconclusive,

The cause of the anomalies on Site 1 can be attributed to two
Possible sources. One is the burial of some type of material.
The other 1is the Vertical migration of semi-viscous liquids
into the ground. It is also possible to have @ combination of
these two conditions, To determine the specific cause of the
observed radar anomlies, it will be necessary to use intrusive
methods of investigation,

In some respects, the limited size of each of the three survey
sites was a handicap, much like looking through a key-hole 1in

‘an attempt to peer into a room. With such a small sample, it is

not possible to make any assessmemts about the condition of the
pProperty at large. On Site 1, for example, it appears that the
anomalies extend beyond the area covered by the survey. With
limited é&z:a, the full extent of the radar anomalies is not
known, oOn Site 2, the wet, saturated conditions observed under
the asphals may not extend over the entire asphalt-paved area,
but there is no data outside of the Survey area to make this
determination,

Prior to undertaking the radar survey, there was concern or the
part of others that GPR would not be able to provide adequate
Penetration of the clay on the site, Because we are using a
modified radar system which provides about 5 times more
Penetration than a standard, commercial radar system, it was
the opinion of Detection Sciences that we would be able to map
the lateral extent of any anomalies in the upper soils and in
the upper clay. Based on the quality of the data obtained on
the grass-covered portion of the survey, the use of GPR appears
to have been Justified.
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[ RESISTIVITY SOUNDING SURVEY DATA

SOIL CONDITION :  Very Damp JOB NO.: 85-317

SOUNDING NO. : s5-1 TABLE NO. : ; DATE : 19.17-85

ELECTRCDE | ELECTRODE READING D'AL VALUE BARNES® METHOU OHM-FEET [MOORE'S
PLAGEMENT SPACING ‘ ohm % D METHOD FEMARKS
toot aqqvre D=Rx S (“2-’*1}%;':’55"‘30'5 DxA

feot hm~
(A (R} () e F) Xr

1.5 - 4.5 3 491.0 49.1 £492.7 147.3
3 -9 171.1 17.11 2402.9 102.7
4.5 9 845.0 8.45 1527.6 79.1
6 -~ 18 600.0 6.003 1896.8 72.0
7.5 498.2 4.982 2680.2 74.7
9 430.3 . 4.303 2888.9 77.5
356.,7 . 3.567 1908.2 74.9

McBride -Ratchff and Associates, Inc.
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RESISTIVITY SOUNDING SURVEY

SOIL CONDITION :  Very Damp JoB NQ.: 85-317
 SOUNDING NO.:  5-1, Lee-lLeft TABLE NO.: <2 DATE : 10-17-85
ELECTRODE | ELECTRODE} READING SCALE | DIAL VALUE BARNES' METHOD OHM-FEET | MOORE'S
PLACEMENT SPACING ochm x D METHOD REMARKS
(oot v/ D=RX S 2(A2-A1}%1-:6—21 x30.5 D x2A
t -
oot () () (s (0 oy F rr
1.5 = 4.5 3 260.8 .1 26.08 4772.6 156.5 156.5
3-9 105.7 .1 10,57 3252.5 126.8 283.3
4.5 - 13.5 9 551.0 .01 5.51 2106.3 99.2 382.5
6 - 18 12 356, 1 .01 3.561 1842.3 85.3 468,90
7.5 = 22.5 15 230.3 .01 2.803 1842.3 84.1 552.1
9 - 27 18 218.8 .01 2.188 1824.4 78.8 630.9
10.5 - 39.5 21 189.7 .01 1.897 2610.2 79.7 710.6

0021672

McBride -Ratcliff

and Associates, Inc.
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RESISTIVITY SOUNDING SURVEY DATA
SOIL GONDITION :  Vary Damp JOB NO.: 85-317
SOUNDING NO.: 5-|, Lee-Right TABLE NO, : 3 DATE : 10-17-85
ELECTRODE | ELECTRODE| READING SCALE | DIAL VALUE BARNES’ METHOD CHM-FEET | MOORE'S
taot 2qvhn D=RX S 2(A2-A1}§L__52-xao.s D %24
fest ( Oh!m—(:%
A) (R) (s) (0) ey Q) zF
1.5 - 4,5 3 233,1 .1 23.31 4265.7 139.9 129.9
3i-9 6 69.2 .1 6,92 1801.0 83.0 222,9
4.5 - 13.5 9 288.2 01 2.882 4903.8 51,9 274.8
6 - 18 12 217.6 01 2.476 2216.4 44.6 319,4
7.5 = 22.5 15 245.0 .01 2,45 42696.7 73.5 352.9
9 - 27 18 219.9 .01 2.99 3928.0 79.2 472.1
10.5 - 39.5 21 183.0 .01 1.83 1995.7 76.9 549.0
McBride-Ratclift and Associates, Inc.—— |
i
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RESISTIVITY SOUNDING SURVEY DATA

\

| SOIL CONDITION :  Very Damp SO8 NO.: 85-317
SOUNDING NO.: s-2 TABLE NO. : . DATE : 10-17-85
ELECTRODE | ELECTRODE| READING SCALE | DIAL VALUE BARNES’ METHOD OHM-FEET | MOORE'S
PLACEMENT SPACING ohm x D METHOD REMARKS

foot 4 1AL p=RAx S (AQ_A,)-EL__—EL X 30.6 D xA
foot tA) (R) (s) ohim-ci p X

(D) (E) (F)
1.5 - 4.5 790.0 .1 49.0 4483.5 147.0 147.0
3 -9 159.0 .1 15.9 2153.7 95.4 262.4
4.5 - 13.5 9 815.7 .01 8.157 1532.6 73.4 315.8
6~ 18 12 542.5 .0t 5.425 14821 65,1 380.9
7.5 - 22.5 15 426.0 .01 4,26 1815.1 63.9 444.8
9 - 27 18 326.4 .01 3.264 12774 58.8 503.6
10.5 - 39.5 21 307.6 .01 3.07 4726.2 64.5 568.1

McBride-Ratcif and Associates, Inc.
002164




002165

————— e

] ] % : :

| RESISTIVITY SOUNDING SURVEY DATA
SO CONDITION :  Very Damp JOB NO.: 85-317
SQUNDING NO, : 5-2, Lee-Laft TABLE NO. : s DATE : 10-17-85
' ELECTRODE | ELECTRODE] READING | SGALE | DIAL VALUE BARNES' METHOD OHM-FEET | MOORE'S
PLACEMENT SPACING ohm x D METHOD REMARKS
(oot a2yt D=fAx & 2(A2..A1)g—_—62-a- x30.5 O x2A
feot (A) (R) Onh\"‘cm EF
(s) (D) te) )
1.5 - 4.5 3 140.3 .1 14.03 2567.5 84.2 84.2
3 -9 6 48.5 .1 4.85 1356.5 58.2 142.4
4.5 = 13.5 9 344.3 .01 3.443 2E7L.9 62.0 204 .4
6 - 18 12 319.5 .01 3.145 8117.2 76.7 281.1
7.5 - 22.5 15 242.5 .0t 2,425 1841.4 72.8 353.9
5 - 27 18 188.5 .01 1.885 1549.1 67.9 421.8
10.5 - 39.5 21 153.6 .01 1.536 1518.2 64.5 486.3

McBride -Ratchlf and Associates, Inc.

{
!

i




002166

RESISTIVITY SOUNDING SURVEY DATA

SOIL CONDITION : Very Damp JOB NO.: 85-317
SOUNDING NO.: 5-2, Lee-Right TABLE NO. : & DATE : 10-17-85
: ELECTRODE |} ELECTRODE READING SCALE DIAL VALUE BARNES' METHOD OHBM-FEET ! MOORE'S
PLACEMENT ss;:::tme B he ;h:ns o Ae-M)g’ :‘?2 <30.5 o x2A METHOD REMARKS
feot (A} ) (s) o) oh‘m-cr% ZF
(E) {F)
£.5 - 4.5 3 341.4 .1 34,14 6247.6 204.8 204.8
3-9 | 6 1i7.0 .1 11.70 3252.5 140.4 345,2
4.5 - 13,5 9 480.4 .0L 4,804 1491.6 86.5 431,7
6 - 18 12 243.4 .01 2,434 902.9 58.4 950. 1
7.5 - 22.5 15 201.5 0L 2.015 2142,1 60.5 550.6
9 ~ 27 18 156.1 .01 2.561 1267.9 56.2 606.6
10.5 - 39.5% 21 223.8 .01 2.238 94.0 700.8

cBride -Ratchiff and Associates, inc.
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( RESISTIVITY SOUNDING SURVEY DATA

SOIL CONDITION : Wet JOB NO.: g5.3i7

 SOUNDING NO, : 5-3 TABLE NO. : - DATE : 10-17-85
ELEGTFIODE ELECTRODE READING SCALE DAL VALUE BARNES" METHOD OHM-FEET | MOORE'S
PLACEMENT | SPACING ‘ ohm %9 METHOD REMARKS

font 2[vn D=Rx S (AQ-At)gL:E-a- x30.5 DA

fost ‘ ; : ohm=¢
W (™ (s) () P ) xr
1.5 - 4.5 3 250.1 .1 25.01 2288.4 75.0 75.0
3 -9 6 122.3 .1 [ 12.23 2189.9 73.4 148. 4
4.5 - 13.5] 9 107.1 .1 10.71 7884.9 96.4 244.8
 6-18 | 12 2516 =01 2.316 349.6 33.8 278.6
7.5 -~ 22.5 15 266.7 .01 2.667 4612.0 40,0 318.6
9 - 27 i8 168.3 .0l 1.688 420,8 30.4 349.0
10.5 - 39.5 21 £55,9 .ol 1.559 1866.6 32.7 381.7

McBride-Ratchiff and Associates. Inc.
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[ RESISTIVITY SOUNDING SURVEY DATA A
' SOIL CONDITION : Wet JOB NO. : 85-317
SOUNDING NO. : 5-3, Lee-Left TABLE NO. : ¢ DATE : 10-17-85
| ELECTRODE | ELECTRODE} READING SCALE | DIAL VALUE BARNES' METHOD OHM-FEET | MOORE’'S
PLACEMENT SPACING ohm METHOD E
foot 21vn b=Gx S 2(“2-"1)'2:__,.‘"02:"‘30-5 D x2A REMARKS
faat
(A) olim~cm
tR) (s) () (5 F) ze
1.5 - 4.5 3 110.4 .1 11.04 2020.3 66.2 66.2
3 -9 6 63.3 .1 6.33 2715.2 75.0 142.2
4,5 - 13.5 9 61.3 .1 6.13 35504.7 110.3 252.5
6 — 18 12 306.6 .01 3.066 1122.5 72.6 326.1
7.5 - 22.5 15 - 236.0 .01 2.360 1880.3 70.8 396.9
9 - 27 18 181.1 .01 1.81}1 1424.7 65.2 462.1
10.5 - 39.5 21 132.5 .01 1.325 903.5 55.7 517.8
. McBride -Ratchif and Associaies, Inc.
002168
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RESISTIVITY SOUNDING SURVEY

SOIL CONDITION : wet JOB NO. : 85737
SOUNDING NO. : 3-3, Lee-Right TABLE NO. : DATE : 106-17-85
ELECTRODE | ELECTRODE READING SCALE DIAL VALUE BARNES' METHOD OHM-FEET | MOORE'S
PLACEMENT sn::octme 2ppvn .- ;h:ls of AQ-A1)05 ::2 £ 30.5 o x2a METHGD REMARKS
teet {A) GE (s () onm-ci ) ZF
{E)
1.5 - 4.5 154.0 .1 15.4 2818.2 92.4 92,4
3 -9 6 75.3 .1 7.53 2696.5 90.4 182.8
4.5 - 13.5 57.8 .1 5.78 4551, 3 104.0 286.8
6 - 18 12 3r.0 .01 0.31 60.0 7.4 294,2
| 7.5 - 22.5 15 96.8 .01 0.968 29.0 323.2
9 - 27 18 90.5 .01 0.905 2544.6 32.6 335.8
10.5 - 39.5 21 61.1 .01 0.611 3464,2 25.7 381.5

002169

McBride -Rachf

and Assocates, inc.
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RESISTIVITY SOUNDING SURVEY DATA

| 8OIL CONDITION : Wet JOB NO.: 85-317
| SOUNDING NO.: g, TABLE NO.: 10 DATE : 190-17-85
ELECTRODE | ELECTRODE READING SCALE GIAL VALUE BARNES® METHOD OHM-FEETY { MOORE'S
PLACEMENT | spACiNG ‘ ohm x O METHOD PEMARKS
| feot 2Vt b=he's {Az-A1}§-:~6-2- % 30,5 D %A
faat -
A ohm-cm
N (=) (s) (o i ) Ir
1.5 - 4.5 348.3 .1 34.85 3187.0 104.5 164.5
3-9 110.6 .1 11.06 1482.9 66.4 170.9
4.5 ~ 13.5 643,72 .01 4,692 692.1 40.4 21i.3
6 -~ 18 12 _415.5 .01 4.155 5067.6 49.9 261.2
7.5 -~ 22.5 15 372.6 .01 3.726 3302.0 55.9 312.1
9 - 27 18 205.90 .01 2.05 417.0 36.9 354.0
16.5 ~ 39.5 21 184.5 .01 1.845 1688.2 38.8 392.8

cBride -Ratchff and Assocsates, inc
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McBride-Rarcliff and Associates, Inc.
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[ RESISTIVITY SOUNDING SURVEY DATA
| SOIL CONDITION : ver 408 NO.: 85-317
SOUNDING NO.: 5-% Lee-Left TABLE NG.: ; DATE : 10-17-85
. ELECTRODE | ELECTRODE] READING SCALE | DAL VALUE BARNES' METHOD CHM-FEET | MGORE'S
PLACEMENT | SPACING ohm x D , METHOD REMARKS
! tast 2pvn D=Rx S 2["2'“1)%:_:5:' x30.8 D x2A
fost A , - ohm~c¢m F
| (A) (rR) (s) (D) <) (F) z
' 1.5 = 4.5 | 3 3213.8 .1 | 21.38 3912.5 128.3 128.13
3-9 6 68.9 .1 6.89 1860.4 82.7 211,0
4.5 - 13.5 9 373.9 & .1 3.739 1496.2 7.3 278.3
6 ~ 18 12 | 286.1 01 2,861 2229.6 68.7 347 0
7.5 - 22.5 15 - 260.5 .01 2.605 5327.7 39.1 86,1
g - 27 18 : 172.2 .01 1.722 _929,7 62.0 _448,1
10.5 - 39.5 21 189.1 .01 1.891 - 79.4 527.5
i
! .
E
i
.
;
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RESISTIVITY SOUNDING SURVEY DATA

002172

 SOIL CONDITION : Wet JOB NO.: 85-317
SOUNDING NO.:  S-4 Lee-Right TABLE NO. : 12 DATE : 10-17-85
ELECTRODE [ ELECTRODE READING } SCALE | DIAL VALUE BARNES' METHOD OMM-FEET {MOORE’S

| PLACEMENT | SPACING ohm x D , METHOS AEMARKS

i foot 2Vt D=RxS _Z(AQ'A‘)%:‘:E:' x 30.6 D %2A

teet A () () (@) T () Xr
1.5 - 4.5 142.7 .1 14.27 2611.4 85.6 85.6
3 -9 52.3 .1 5.23 1510,8 62.8 148.4
4.5 - 13.5 9 149.0 .01 1.49 381.3 26.8 175,2
6 -1 12 151.3 .01 1.513 36.3 211,5
7.5 - 22.5 15 102.5 .01 1.025 581.6 50.8 242.3
9 ~ 27 18 79.8 .01 0.798 659.4 28.7 27L.0
10.5 - 39.5 21 50.9 .01 0.509 257.2 2.4 292.4
McBride-Raiciiff and AssoGiates, nC.
002172
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SOIL CONDITION @ wet
SOUNDING NO. : s-5

RESISTIVITY SOUNDING SURVEY DATA

TABLE NO. : i3

JOB NO. :
DATE :

85-317

10~-17=-85

ELECTRODE
PLACEMENT

feot

ELECTRODE
SPACING
foet
(A)

READING
2pvn
R)

DIAL VALUE

ahm
D=Rx S

()

BARNES' METHOD

(AQ-A”E‘—K—EZ-):SOJ
o
ohm=-cm
(E)

OHM-FEET

DxA

(F}

MQORE'S
METHOD

2F

REMARKS

1.5

479.3

47.93

4385.6

143.8

3

172,2

17.72

2459.1

103.3

4.5

108.1

16.81

2657.2

97.3

746,3

2,463

2205.5

89,6

5396.5

5.965

4073.3

89.4

438.6

4.386

1516.1

157.9

372.1

3.721

1488.9

78.1

002173

McBride -Rarcliff and Associates. e,
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| SOIL CONDITION :
SOUNDING NO. :

Wet

RESISTIVITY SOUNDING SURVEY DATA

$-5, Lee-~Left

TABLE NOQ. : 14

JOB NO. :85~317

DATE : 1p-17-85

ELECTRODE
PLACEMENT

foet

ELECTRODE
SPACING
foot
(A)

READING
2nvn

{R)

SCALE

{s)

DIAL VALUE

ohm
D=zRAx S

()]

BARNES' METHOD
2( Ay-Ay) LE22 x 30,6
1D -b,

ohm=cm
{E)

OHM-EEET | MOORE'S
METHOD REMARKS
D%X2A
(F) IR

1.5 = 4.5

3

277.5

.
-

5078.3

1€5.5

166.5

3~9

6

93.3

2572.2

112.9

278.5

4.5 - 13.5

9

111.9

201.4

479.9

6 ~ 18

12

453.0

.01

1392.38

108.72

588.6

7.5 - 22,5

15

379.7

.0l

4294.2

113.9

702.5

g - 27

18

259.4

.01

1498.3

93.4

795.9

10.5 - 39.5

21

191.0

.01

1325.6

80,2

876.1

McBricle -Ratcliff and Associates, ing ——
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RESISTIVITY SOUNDING SURVEY DATA
SO CONDITION : Vet JOB NO.: s3-317
SOUNDING NO. : 5-5, Lee-Right TABLE NO.: s DATE : 10-17-85
ELECTRODE | ELEGTRODE| QEADING SCALE | DIAL VALUE BARNES’ METHOD OHM-FEET | MOORE'S
PLACEMENT | SPACING _ ohm x D METHOD REMARKS
feet 2V D=Rx S 2( Az-A,)-g—:-:E-:- x 30.5 D x2A
feet A) (R (s) (D) oh?E-)cm ) ZF
1.5 = 4.5 3 203.1 .1 20,31 3716.7 121.9 121.9
3-09 84,7 .1 8.47 2658.8 101.6 223.5
4.5 - 13.5 66.2 .1 6.62 5546.5 119.2 342,7
6 -_18 12 300.5 01 3.005 1007.0 72.1 416.8
7.5 - 22,5 15 214,0 .01 2.14 1360.5 64.2 479.0
] 9 - 27 18 186.0 .01 L.§6 2601.5 67.0 546.0
3 10.5 - 39.5 21 187.8 .01 L.278 78.9 624.9
McBnde -Ratchff and Associates, inc.
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f RESISTIVITY SOUNDING SURVEY DATA )
E SOIL CONDITION :  wer JOB NO.: 85-317
SOUNDING NO. : 5-6 TABLE NO. : 16 DATE : 10-17-85
ELECTRODE | ELECTRODE| READING SCALE | DIAL VALUE BARNES® METHOD OHM-FEET | MOORE'S
PLACEMENT SPACING ohm x 0 METHOD AEMARKS
(oot 2 DzRx & fAz-AﬂgL:aleO.G 0 xA
feot ta) (ED (s? (o) e - ® Xr
1.5 ~ 4.5 3 301.8 .1 30.18 2761.5 90.5 90.5
3=-9 6 120.3 .1 12.03 1830.3 | 72.2 162.7
4.5 = 13,5 9 735.5 .01 7.355 1731.8 66.2 228.9
6 - 18 12 573.7 .01 5.737 2022.5 68.8 297.7
7.5 -~ 22.5 15 544.,6 .01 5.446 | 9824.1 81.7 379.4
9 - 27 18 402.9 .01 4,029 1416.9 72.5 451.9
10.5 ~ 39.5 21 340.5 .01 3.405 2011.6 71.5 523.4
, — -

McBnde -Ratchit arnd Assoiates, ing.
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RESISTIVITY SOUNDING SURVEY DATA

SOIL CONDITION ¢ yet |

W

JOB NO.: 85-317
 SOUNDING NO. : -6, Lee-Left TABLE NO. : 17 DATE : 10-17-85
ELECTRODE ELECTRODE READING SCALE DIAL VALUE BAMNES' METHOD OHM-FEET | MQORE’S
PLACEMENT SPACING ahm % D METHOD REMARKS
] 11 _ anvn D=Rx S 2(%-%)%—:—202-::30.6 Dx2A
fest -
(A R (s) (o) ey (F) EF
1.5 ~ 4.5 164.7 .1 16.47 3014.0 98.8 98,8
3 -9 70.8 .1 7.08 2272.5 85.0 183.8
4.5 ~ 13.5 401.5 .01 4,015 1697.2 72.3 256.1
6 — 18 12 305.7 .01 3.057 2344.6 73.4 329.5
7.5 - 22.5 15 269.5 .01 2,695 4164,8 _80.9 410.4
9 -~ 27 i8 215.6 .01 2.156 1972.7 77.6 488.0
10.5 - 39,5 21 201.4 .01 2.014 5595.9 84.6 572.6

002177

002177

McBride-Ratchilf and Assaciates, Inc.
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( RESISTIVITY SOUNDING SURVEY DATA

' SOIL CONDITION : Vet JOB NO.: 85-317

SOUNDING NO.:  5-6, Lee-Right TABLE NO. : 13 DATE : 10-17-85
ELECTRODE | ELECTRODEL READING SCALE | DIAL VALUE BARNES’ METHOD OHM~-FEET | MOORE'S
PLACEMENT SPACING ohm X b METHOD REMARKS
et anvnt C=ZRxX S 2(A2-A1)-?1—_—-D—22- x 30.5 D x2A
feet CO R B ts) () e (") ZF
1.5 =~ 4.5 3 157.2 .1 1572 2876.8 94.3 94.3
3-~9 6 73.7 .1 7.37 2539.1 88.4 182.7
4.5 - 13.5 g 385.3 .01 3,853 1677.6 69.4 252.1
6 - 18 12 294.1 .01 2.941 2273.8 70.6 322.7
7.5 - 22.5 15 308.9 .0l _3.089 - 92.7 415.4
9 ~ 27 18 207.5 .01 2.025 1156.8 74.7 490.1
10.5 ~ 39.5 21 171.6 .0l 1.716 1815.0 72.1 562.2

McBride -Ratcif and Associates, Inc.
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SCIL CONDITION © wet

RESISTIVITY SOUNDING SURVEY DATA

JOB NGO, : 8§5-317
SOUNDING NO.:  §-7 TABLE NO. : DATE : 10-17-85
. ELECTRGODE | ELECTRODE READING SCALE DIAL VALUE BARNES' METHOD OHM-FEET { MOORE'S
PLACEMENT } SPACING ohm x D METHOD REMARKS
coot 2vn b=RyS (A=A P20k x 308 O xA
fost A) (") ) oh‘m-cr% ZF
(s (o) (E) (F
1.5 - 4,5 3 368.9 L 36.89 3375.4 110.7 L1G.7
_3-9 6 150.5 .1 15.05 2326.0 90.3 201.0
4.5 - 13.5 107.1 L1 10,71 3398.3 96.4 297.4
6 - 18 12 102.0 .1 10.20 19.599.3 122.4 419.8
7.5 = 22.5} 15 652.0 .01 6.520 1653,6 97.8 517.6
9 - 27 18 509.4 01 5,004 2131.1 91.7 609.3
£10.5 - 39.5 21 199, 7 .01 3,994 1692.4 83.9 693.2

002179

McBride -Ratciiff and Associates, Inc.
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RESISTIVITY SOUNDING SURVEY DATA

| SOIL CONDITION @ et JOB NoO,: 85-317
| SOUNDING NO.:  5-7, Lee-Left TABLE NO.: 2 DATE : 10-17-85

ELECTRODRE { ELECTRODE READING DIAL VALUE BARNES' METHOD OHM-FEET | MOORE'S

PLACEMENT | SPACING ohm x D METHOOD REMARKS
teat 2nvi D=Rx $ 2(“2"‘1)2—_‘3‘:"‘30'5 D x2A

foat ohm-
(A) ) () ey (F) xr

191. . 19.16 3506.3 115.0
66. . 6.66 1868.1 9.9

61. . 6.17 15,346.7 111,21
5i. . 5.19 5979.7 [24.6

1032.3 81.09
2234.0 79.7
2262.3 78.8

MCBride -Ratcliff and Associates, Inc.
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RESISTIVITY SOUNDING SURVEY DATA

. 85-317
SO CONDITION : Wet JoB NO.: 85-31
SOUNDING NO.: $-7, Lee-Right TABLE NO. : 2 DATE ; 10-17-85
. ELECTROCE | ELECTRODE| READING SCALE ) DIAL VALUE BARNES' METHOD OHM-FEET | MOORE'S
| PLACEMENT SPACING ohm ") METRHOD AEMARKS
‘ taat 2V D=Rx S 2( Az-A1);g:-:62- x30.5 D x2A
feet 1 () (R) (s) @ e (F) zr
1.5 = 4.5 3 170.¢ L1 17,0 3111.0 i02.0 102.0
3-89 6 92.8 .l 9,28 3739.6 1i1.4 213.4
4.5 = 13.5 9 78.3 .1 7.83 2170.4 140.9 354,3
b - 18 12 59,0 .1 5.9 4380.3 141.6 495.9
L 7.5 - 22,5 15 393,5 .01 3.935 2162.2 8.1 614.0
9 -~ 27 18 292.9 .01 2.929 2096.6 105.4 719.4
16.5 - 39.5 21 214.3 .01 2.143 1466. 4 3G.0 809.4

McBride -Ratchtf and AssoCistes, Inc.
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( RESISTIVITY SOUNDING SURVEY DATA

JOB NO.: 85-317

1
| SOUNDING NQ. :  s-2 TABLE NO. : 22 DATE : 10-17-85
ELECTROOE | ELECTROOE| READING SCALE | DIAL VALUE BARNES' METHOD OHM-FEET | MOORE'S
| PLACEMENT |  SPACING ‘ ohm x D METHGD REMARKS
_ teet a2pvit czRrx S (APA,)%:-_-E:- x30.8 D xA
| faot (A) R () (0 ohl;\E-)cm ") zp
1.5 = 4.5 3 812.3 J 81.23 7432.5 243.9 243.9
3-9 6 147.3 .1 i6.73 1646.3 88.9 332.13
4.5 - 13.5 9 908.5 .01 9.085 2169,1 81.8 4141
! 6 ~ 18 ¢ 12 593.2 .01 5,932 1564.0 71.2 485.3
' 7.5 - 22.5 15 468.5 01 4.685 2039.2 70.38 | 555.5
o - 27 18 390.1 .01 3.501 | 2131.0 70,31 1625.7
10.5 - 39.5 21 354,5 -0} 3,543 3554.4 74.55 700.2

' MicBride -Ratcliff and Assoctates, nc.
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(" RESISTIVITY SOUNDING SURVEY DATA

 SOIL CONDITION : yer JOB NO.: gs5-317

SOUNDING NO. : . g pee-reft TABLE NO.: 23 DATE : 10-17-85
ELECTRODE [ ELECTRODE READING SCALE | DIAL VALUE BARNES' METHOD OHM-~FEET }MQORE'S
| PLACEMENT SPACING ohm XD METHOD QEMARKS
taot 2N D=Rx S 2(A2..A1)§1—_—b—2x30.5 D ¥2A
foet ‘ (A} ‘ (R} (s) Oh}n-c:% ZF
| (0 (E) ()
1.5 -~ 4.5 3 697.5 » 67.95 - 407.7 407,7
3 -9 & ‘ 68.2 ' .1 6.92 - 83.0 490.7
4.5 - 13.5 9 230.9 .0l 2.309 - 41.6 532.3
6 - 18 12 L 233.9 .01 2.339 -~ 56.1 588.4
7.5 = 22.51 i5 137.5 .01 1.375 - 41.3 629.7
9 - 27 18 148.7 .01 1.487 - 53.5 683.2
10.5 - 39.5 21 156.8 .0t 1.568 - 65.9 749.1

McBride-Ratchlf and Associates, inc.
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[ RESISTIVITY SOUNDING SURVEY DATA

' SOIL CONDITION @ wet JOB NO.: 85.317

 SOUNDING NOQ.:  s5-8, Lee-Right TABLE NO. : 2 DATE : 10~17-85
ELECTRODE | ELECTRODE READING SCALE DIAL VALUE SARNES" METHOD OHM-FEET | MOORE'S
PLACEMENT | SPACING | ‘ ohm % D METHOD REMARKS
toet 2fvat D=R« S af Aa-a,;%‘:_:ai x 30.6 Dx2A
fost -
oe (A) (R) (s) @) ey (e xr
1.5 -~ 4.5 3 317.0 .l 31,7 5801.1 190.2 190,2
3~ 9 6 78.1 .1 7.81 1896.5 93.7 283.9
4.5 - 13,5 9 684.7 .01 6.847 J 0, 161.9 123.2 407.2
5 - 18 | 12 354.1 .01 3.541 1342.1 85.0 492.2
7.5 = 22.5 15 334.0 .01 3340 10,767.8 100.2 592.4
9 - 27 18 252.0 .0l 2,52 187R.4 90.7 683.1
110.5 - 39.5 21 215.1 .01 2.151 2688.2 ) 90.3 773.4

McBrde-Ratcliff and Associates, Inc. ——
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SOIL CONDITION : Vet
SOUNDING NO. : 5-9

RESISTIVITY SOUNDING SURVEY DATA

TABLE NO. : 25

JOB NO. :
DATE :

85-317

10-17-85

ELECTRODE
PLACEMENT

feot

ELECTRODE
SPACING
teot
(A)

READING
2V
(R)

DIAL VALUE

ohm
D=Rx S

(D)

BARNES® METHOD
D
_A 21_1_2.,‘30_5
(A2 1)01_02

ohm-cm
{E}

OHM-FEET

D xA

(F)

MOORE’S
METHOD

X3

REMARKS

1.5

3331.3

33.33

3¢.9.7

109.

243.8

24,38

8307.4

146,

357.1

35.71

660.7

50.

382.0

3.82

1112.1

45,

380.5

3.803

88664.1

57.

315.0

3.15

1674.3

59.

296.9

2.969

4727.8

62.

002185

McBride-Ratchf and Associares, Inc.
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RESISTIVITY SOUNDING SURVEY DATA
SOIL CONBITION © yer JOB NO.: gs5.117
SOUNDING NO.: S-9, Lee Left TABLE NO. : 2 DATE : 40 5 g5
ELECTRODE | ELECTRGDE|[ READING SCALE | DIAL VALUE BARNES' METHOD OHM-FEET | MOORE'S
tost 2vn | D=Rx S 2(‘*2"‘1}%‘;—5‘:"‘39'5 0 x24
foel -
(A) R) (s) (@) e ;) xr
1.5 - 4.5 170.1 ! 17.01 1556.4 i02.1 101.1
3 -9 178.5 .1 17.85 _33073.8 214.2 316,23
5.5 - 13.5 9 381.1 . -0 3.811 443.4 68.6 84,9
6 ~ 18 12 237.2 .01 2.372 723.9 61.7 446,.6
7.5 - 22.5% 13 231.9 .01 2.310 2076.9 69.3 1139.6
9 - 27 18 204.4 .01 2.044 1624.2 73.6 1213.2
10.5 -~ 39.5 2l 162.9 .CL 1.629 734.1 68.4 1281.6
~ McBride -Ratchiff and Associates, Inc.
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[ RESISTIVITY SOUNDING SURVEY DATA

SOIL CONDITION : et JOB NO.: 85-317

SOUNDING NO.: 5-9, Lee-Right TABLE NO. : o5 DATE : 10-17-85
ELECTRODE | ELECTRODE READING SCALE DIAL VALUE BARNES" METHOD OHM~-FEET | MOORE'S
PLACEMENT si:fTNG — o:;ﬁ?s E(Ae-A1)§1f;; Y308 —_— METHOD REMARKS
feot ) @) (s) (o) om(nE-)cm ) Zp
1.5 = 4.5 3 195.3 .1 19.53 1787.0 117.2 117.2
3 -9 6 92.3 .1 9.23 1601.7 120.8 228.0
4,5 - 13.5 9 112.5 .1 2.233 269.8 40.2 268.2
6 - 18 12 144.9 =01 1.449 377.0 34.8 303.90
7.5 - 22.5 15 186.2 .01 1.661 1499.0 49.9 352.9
9 - 27 18 133.0 .01 £.330 609.2 47.9 400.8
10.5 - 39.5 21 157.7 .01 1.577 777.0 66.2 467.0

McBride -Ratciiff and Associates, InC.
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APPENDIX C :
ELECTROMAGNETIC PROFILING DATA

McBnde-Ratcliff and Associates, inc. —J
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L, f L

r_
MR

r ™
CONDUCTIVITY PROFILE DATA
JOB NO.: 85-317
SGOiL CONDITION : Wet PROFILE : Test site 1
STATION INTERVAL : 30° TABLE NO.: 28  DATE : 10/17/85
STATION AEADING STATION READING
NUMBER mmho/m REMARKS NUMBER mmho/m REMARKS | AVG.
N-§ (R} E-W (R) fvaLue

H 53 1 S} 52
2 54 2 26 55
3 52 3 52 52
4 " 44 A 45 - 44.5
5 54 5 53 53.5
6 330 6 ext to fende
7 360 v " TR
8 46 B 47 46,9
9 44 -9 L4 44
10 49 10 50 49,
Ll 55 11 57 26
12 50 12 7.9 29
13 98 13 84 91
14 66 14 A0 713
1 49 15 47 48
16 42 16 43 42.5
17 47 17 47 47
8 220
19 260 Next to ferc
20 50 50 50
21 41 4] 41
22 52 52 52
23 98 14 6
24 60 59 59,5
25 50 © 59 51
26 85 36 60.5
27 61 64 62.5
28 45 39 42 |
29 50 50 , 50
30 210 Next to ferke

002189

McBride-Ratchf and Associates. Inc.
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( CONDUCTIVITY PROFILE DATA
JOB NO. : 85-317
SOIL CONDITION : Wet PROFILE :Test site |
STATION INTERVAL ;30 TABLE NO. : 33 cont. DATE : 10/17/85
?.LL‘;S.&‘ Frltr:EmAflT-'hr(uG AREMARKS E im‘l‘ggg Efn?hl?:':‘u? REMARKS | Avg,
N-3 (R) E-w {R) VALUE
3] 230 31 Fence
32 50 32 50 50 _
33 46 33 47 46,5
34 128 34 125 126,.5
35 87 35 86 86.5;
36 46 36 46 46
37 46 37 46 46
38 61 H 18 a0 60,5
39 Neg, off Rcale 39 Neg, off decale
49 54 i 54 54
41 48 41 48 48
42 180 42 Fence
43 175 43 Fence
4 51 44 52 21.5
45 88 45 88 88
46 115 46 110 112.5
47 63 47 62 " 62.5
48 51 48 51 51

002190
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I CONDUCTIVITY PROFILE DATA
|
JOoB NO. : 85-317
I SOIL CONDITION : Asphalt Paving PROFILE : Test site 2
STATION INTERVAL : 30'  TABLE NO.: 29 DATE : 8-22-85
STATION READING M STATION READING
I NUMBER mmho/m REMARKS d NUMBER mmho/m | REMARKS | AVG.
N-S (R} E-w {R) VALUE
' ] 52 1 54 53
' 2 57 2 57 57
I 3 175 3 110
: 4 . 84 4 88 - 86 -~
' 5 80 5 79 79,5 Sj
(%) 63 6 62 6 o
7 57 7 58 57.5 ©
I 8 52 8 54 53 ©
9 5] 9 51 51
! 10 57 10 57 57
11 60 11 60 60
I 12 76 12 78 77
i
i
i
i
1

ey
[

T MCBride-Ratciit and Associates, Inc.
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CONDUCTIVITY PROFILE DATA

JOB NO. : 85-317
SOIL CONDITION : Concrete Paving PROFILE : Test site 3
STATION INTERVAL : 30 TABLE NO. : 30 DATE : 8-28-85
STATION READING M STATION READING
NUMBER mmho/m REMARKS HUMBER mmho/m JREMARKS | AVa.
N~S (R} E-w {R) ALUE
1 Neg. def 1 Neg. def
2 72B 1t 1l
3 510 fn n —
4 ” Nep. def Neg. def.
5 L1} " n 1"
6 L1} n

002192

McBride-Ratchif and Associates, inc.
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